ABSTRACT -Study of the Lagos lagoon was conducted for two years to investigate the impact of hypoxia on the benthic macroinvertebrates. Water and benthic samples were collected monthly along the study stretch and analysed in a standard laboratory. Temporal variation in water physico-chemistry was largely controlled by rainfall pattern while the spatial variation was influenced by proximity to the Harbour as well as the pollution sources and types. A total of 3,159 individuals comprising three phyla, five classes, nineteen families and twenty three species were recorded. Iddo I, Iddo II, Ogudu and Agboyi study stations recorded very low individuals, but relatively high number of polychaetes. Benthic macro-invertebrate community was dominated by the molluscs. Margalef's index of species richness ranged from 0.79 to 2.57 while Shannon-Wiener index ranged from 0.40 to 2.19. Species evenness index ranged from 0.29 to 0.80. There was generally low biodiversity indicating the stressed nature of the study area. © JASEM http://dx.doi.org/10.4314/jasem.v20i1.15
Introduction
The discharge of untreated sewage and other organic forms of pollution have been a major source of pollution of the Lagos lagoon in Lagos, Nigeria. The microbial degradation of the sewage results in the depletion of the dissolved oxygen in the water and this impacts on the aquatic biota. Oyenekan (1987) stated that the healthy nature or pollution level of an aquatic ecosystem can be determined by the success or otherwise of the zoobenthos of that ecosystem. The high biochemical oxygen demand of microbes in this water translates into low dissolved oxygen. This has its major detrimental impacts on the chemistry of the water and sediment and on the respiratory activities of aerobic aquatic biota. The sedentary nature of the macro invertebrates makes them very vulnerable.
Benthic macroinvertebrates which are spineless aquatic fauna inhabiting the bottom, constitute an important part of the aquatic trophic relationship. Many of them feed on algae and bacteria, which are on the lower end of the food chain (Nystrom et al., 1996) . Some shred and eat leaves and other organic matter that enters the water. As a result of their abundance and critical position in the aquatic food chain, the benthic macroinvertebrates plays a major role in the natural flow of energy and nutrients (Stockly et al., 1998) . As they die, they decay, releasing nutrients that are reused by aquatic plants and animals in the trophic levels. In view of this, they can be used to evaluate the health of the aquatic ecosystem.
Lagos lagoon has received a remarkable research attention and quite a number of published information are available for different aspects of the hydrobiology and physico-chemical characteristics Early works on the macrobenthic fauna of the Lagos lagoon were on genus Pachymelania (Oyenekan, 1989) and Iphigenia truncata (Yoloye and Adegoke, 1977) . Other works on benthic macroinvertebrates include the reproductive and population dynamics of Capitella capitata (Oyenekan, 1983) , and the temporal variability of benthic macrofauna of the Lagoon and Harbour (Brown and Oyenekan, 1998) . The environmental consequences of pollution on the Lagos lagoon has also been highlighted (Ekundayo, 1977) . Akpata and Ekundayo (1978) worked on the faecal pollution of the Lagos Lagoon and reported low dissolved oxygen at the pollution point sources, while Nwankwo (1994) studied the hydrochemical properties of some benthic diatoms of a sewage disposal site at Iddo along the Lagos lagoon. Adeniyi (1980) investigated the microbial decomposition of faeces in the Lagos lagoon and reiterated that the continuous monitoring of the sewage disposal site was necessary to evaluate any changing environmental condition in the station that
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NKWOJI JOSEPH AHAMEFULA may induce bloom of nuisance species. Ajao and Fagade (1990) worked on the seasonal and spatial distribution of the population of the polychaete, Capitella capitata in Lagos lagoon and recorded that the abundance of this polychaete was influenced by sediment type, organic content of the sediment and the sediment metals and hydrocarbon content of the sediment. Edokpayi and Nkwoji (2007) worked on the physico-chemical and macrobenthic invertebrate characteristics of a sewage dumpsite along the bank of Lagos lagoon and recorded a relatively high abundance of the polychaete of the family, Nereidae in the station closest to the sewage dump. This present study pays greater attention to the impact of low oxygen on the distribution, abundance and diversity of benthic macroinvertebrates west of Lagos lagoon, Nigeria.
MATERIALS AND METHODS
The study area is the western part of Lagos lagoon ( Figure 1 ). The lagoon is located between latitude 6° 26' and 6°38' N, longitude 3° 23' and 3° 43' E. It extends eastwards for about 200 km from the Nigerian-Benin Republic border to the western limit of the Transgressive Mud Coast covering an area of about 208 km 2 (FAO, 1969) . The lagoon sediments range between mud, sandy mud, muddy sand, and sand (Ajao and Fagade, 1990) and has a defined salinity gradient, linked with the rainfall pattern (Nwankwo and Akinsoji, 1992) . Twelve sampling stations selected for this study were based on their importance as sources of different forms of contaminants into the lagoon. The stations stretch for about 9.5 miles (15.29 km) in length between Iddo and Agboyi axis of the lagoon. The spatial distance between sampling stations is about 0.75 miles (1.2 km). Abule-Agege study station served as control because it is relatively distanced from anthropogenic activities. Locations of the stations were determined with the aid of the Global Positioning System (GPS) . Collection of Samples: Monthly sampling for water was conducted for twenty four months at the twelve stations between the hours of 0800 and 1200. Bottom water samples were collected with 1dm 3 Hydrobios bottom water sampler at each study station, with motorized boat, stored in a labeled container and transported to the laboratory where it was stored in the refrigerator at the temperature of -5 0 C prior to further analyses. A 250 ml dissolved oxygen bottle was used to collect water sample at each study station for dissolved oxygen estimation using iodometric Winkler's method. In situ multi-meter kits were employed in determining such parameters like temperature, salinity, turbidity, pH and conductivity. The nitrates, phosphates, and sulphates were determined using the Hach Spectrophotometer. Such parameters in the water like total suspended solids, biochemical oxygen demand, chemical oxygen demand, and iron were determined in the laboratory following APHA (1998).
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NKWOJI JOSEPH AHAMEFULA Benthic samples were collected concurrently using a Van-veen grab. At each study station, two grab hauls were sieved, fixed and labeled for macrobenthic fauna analysis while one grab haul was collected in a polyethene bag, labeled and stored at -5 0 C for sediment grain size analysis.
Measurement of Physico-chemical Characteristics:
Subsurface water temperature was measured in situ using the mercury-in-glass thermometer. Other physico-chemical characteristics of the water samples were analysed in the wet laboratory of the Nigerian Institute for Oceanography and Marine Research (NIOMR), using standard methods. Dissolved oxygen was analysed iodometrically after fixing with of Manganese Sulphate (MnSO 4 ) and Potassium Iodide (KI) respectively.
Benthic Macrofauna Analyses:
Sieving and fixing for the benthic macroinvertebrates were conducted in situ with 0.55 mm mesh size sieve and 10% formalin respectively. Treatment and sorting of pure samples were conducted at the Benthic Ecology Laboratory, Department of Marine Sciences, University of Lagos. Relevant texts (Olaniyan, 1968; Yankson and Kendall, 2001; Zar, 1984) were used for identification. SPSS 11.0 Window application and Microsoft Excel were used for the biostatistical analyses. Data processing involved the calculation of biological indices such as Margalef's index for species richness, Shannon-Wiener and Simpson's indices for species diversity, and the Equitability index for evenness of the community:
Margalef's Index: This is a species richness index and was used to measure the diversity in the community structure. Shannon-Wiener Diversity Index: This is a measure of faunal diversity (Ogbeibu, 2005) . It usually indicates the degree of uncertainty involved in predicting the species identified of randomly selected individuals. It is calculated using the following equation:
Where:
= Shannon and Wiener diversity Index = Counts denoting the ith species ranging from 1 -R = Proportion that the ith species represents in terms of numbers of individuals with respect to the total number of individuals in the sampling space as whole. Species Equitability: Species evenness or equitability was used to calculate how evenly the species are distributed in a community. It was determined by the equation: J = Where: J = Equitability Index Hʹ = Shannon-Weiner index
RESULTS AND DISCUSSION
The summary of the physico-chemical characteristics of the water samples in the study stations for the period of study is shown in Table 1 . The analysis of variance showed no significant difference (p>0.05) both for the water and the air temperatures at the study stations. Edokpayi and Nkwoji (2007) recorded relatively uniform values for both surface water and air temperatures in the Lagos lagoon and attributed this to the conservative nature of this parameter in tropical waters. Temperature has been shown to be a less significant factor in lagoons and estuaries in the tropics (Ajao, 1990; Nkwoji et al., 2010) .
The values obtained for dissolved oxygen in the wet season were relatively higher than in the dry season. This observation is in agreement with Ajao (1990) . The high concentration in the wet season could be as a result of perturbation of water by rain and surface run-off prevalent in the season. Perturbation could actually result to the diffusion of atmospheric oxygen into the water consequently increasing the dissolved oxygen in the water. A higher level of dissolved oxygen recorded during the wet season could also be linked to floodwater dilution and reduced resident time of the polluted water as previously observed by Brown (1991) and Nkwoji et al., (2010) . Areas of pronounced inputs of organic wastes such as Iddo I, Iddo II, Ogudu and Agboiyi study stations recorded low values of dissolved oxygen. This could be attributable to the consumption of the dissolved oxygen by aerobic microorganisms which biodegrade the organic wastes. The low level of dissolved oxygen observed in Iddo I study station was further exacerbated by the high level of oil and grease resulting from spills from illegal traders of these products. The oil and grease form a sheen and seal off the diffusion of atmospheric oxygen into the water body of this study station and thereby reducing the dissolved oxygen of the water. This observation agrees with Doherty et al., (2013) on the negative effects of oil and grease on aquatic fauna.
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Study stations like Iddo I, Iddo II, Ogudu and Agboiyi with very low DO values recorded high values of BOD. The relationship that existed between DO and BOD at the study stations was generally an inverse relationship. It is the dissolved oxygen in the water that is being depleted or utilized by the microorganisms and hence, the elevated biochemical oxygen demand value. It therefore, entails that a high value of biochemical oxygen demand will imply a low level dissolved oxygen and vice-versa. Agboyi study station with very low dissolved oxygen value recorded the highest BOD value of 42mg/L.
In general, temporal variation in the physicochemical characteristics of water in the study area is largely controlled by rainfall pattern, as the influx of fresh water alters the physic-chemistry of the water while the run-off introduces new materials into the water body. The spatial variation in the physicochemical characteristics of water in the study area is largely influenced by proximity of the study station to Harbour as well as the pollution sources and type of the study station. Such parameters as salinity, conductivity and TDS increase with nearness of the study station to the Harbour, while different pollution sources introduce different pollutants which exhibit their peculiar impact on the physico-chemistry of the water of the study station. Both abundance and diversity of the macrobenthic fauna at the study stations were very low compared to earlier studies (Ajao, 1990; Ajoa and Fagade, 1991; Brown and Oyenekan, 1998; Chukwu and Nwankwo, 2004) .
Impact of Hypoxia on the Community Structure of Benthic
125
NKWOJI JOSEPH AHAMEFULA
The low numerical abundance and diversity are largely due to physical variability of the study area, sampling methodology, and the prevailing ecological conditions, including the state of contamination from anthropogenic sources of the study area at the time of study. According to Edokpayi and Nkwoji (2007) and Nkwoji et al., (2010) , the western part of Lagos lagoon and its adjacent creeks are under stress resulting from pollution sources from both industrial and anthropogenic sources.
The sedentary nature of the benthic macroinvertebrates makes them very vulnerable to the impacts of the pollution (Ajao, 1990) . However, some of the species have some adaptive features, both physiological and morphological, to hypoxia and these have given them some advantages and resulted to their relative abundance. The opportunistic nature of the nereid polychaetes could have attributed to the high dominance index in Iddo 2 monitoring station where these polychaetes were found in abundance. Thais haemostoma
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Mytilus edulis 
Conclusion:
Iddo II has the least number of species and individual or ganisms. This monitoring station shows the highest value of the dominance index. The station was dominated by the polychaetes and this could be attributed to their adaptation to hypoxia. The station is the point source of untreated sewage dump with its attendant low dissolved resulting from the biodegradation of the sewage. Other benthic macroinvertebrates were almost virtually missing at this station and this underscores the impact that hypoxia could have on the community structure of these benthic macroinvertebrates. There was general low biodiversity indicating the stressed nature of the study area as a result of highly depleted dissolved oxygen.
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